Several experimental studies of obstructive jaundice (OJ) have shown the presence of immunosuppressive state associated with the rise of tumor necrosis factor-a (TNF-a) concentration in plasma. The present study evaluates the impact of anti-TNF-a administration or bile duct drainage on the inflammatory response, liver injury and renal insufficiency in obstructed rats. OJ was induced by the ligation of bile duct in Wistar rats. The parameters were determined at 14 and 21 days after OJ. Two additional groups of animals were treated with anti-TNF-a antibodies or submitted to bile duct drainage at 14 days, and sacrificed 21 days after OJ. Cholestasis decreased glucose, and enhanced urea, creatinin, bilirubin and transaminases. Cholestasis increased the number of different inflammatory cells (T and B lymphocytes, and monocytes-macrophages) but reduced the expression of the corresponding cellular activation markers. This low responsiveness ofthe inflammatory cells was related to a decreased free radical production and phagocytic activity of cells. Anti-TNF-a and bile duct drainage reduced tissue injury, and prevented the reduction of the number and activity of T lymphocytes and phagocytic cells observed at the advanced stages of cholestasis. In conclusion, anti-TNF-a and bile duct drainage improved cell immunodeficiency, and reduced liver injury, cholestasis and renal insufficiency in experimental OJ.
Patients with obstructive jaundice (OJ) are exposed to enhanced morbidity and mortality when they undergo invasive procedures. The complete obstruction of the main biliary duct is associated with a high incidence of post-operative complications, such as anastomosis dehiscence, sepsis, systemic inflammatory response syndrome and even multiple organ failure as a result of hydroelectrolytic disturbances and the deterioration of nutritional and haemodynamic status, as well as alteration of the immune system (1) (2) (3) . Obstructive jaundice induces intestinal oxidative stress that may favour the intestinal barrier alteration and the development of septic complications in humans (4) . In addition, a relevant impairment of non-specific cellular immunity is observed in experimental cholestasis (5) . The serological concentration of different cytokines, such as tumor necrosis factor-a (TNF-a) and interleukin-6, is increased during OJ (6) (7) . However, no study has been carried out to evaluate the impact of the regulation of immune response in OJ. The aim of the present study is to assess the effect of anti-TNF-a treatment and bile duct drainage in the immunodeficiency state, liver injury, renal insufficiency and cholestasis in an experimental model of OJ.
MATERIALS AND METHODS

Experimental Design
Male Wistar rats (250-330 g, n=30) were maintained in controlled conditions of temperature, illumination, and with food and water ad libitum. The animals were distributed into the following groups: I) Control; 2) OJ for 14 days (OJ-14); 3) OJ for 21 days (OJ-21); 4) OJ-21 and anti-TNF-a (OJ-21+anti-TNF-a); and 5) OJ-21 and bile duct drainage (OJ-21 +drainage). All the surgical procedures were carried out with the animals anaesthetised with ketamine (60 mg/kg/i.p.) and midazolam (4 mg/kg/ i.p.). Cephazoline (17 mg/kg/i.m.) was used as antibiotic prophylaxis. The control animals were submitted to laparatomy and abdominal closure without bile duct intervention. The procedure for OJ was carried out by double ligature of the bile duct. The administration of a single dose ofanti-TNF-a (Sigma Chemical Company, St Louis, USA) (2 ug intramuscularly) or bile duct drainage were carried out at 14 days after the induction of OJ. OJ-14 and OJ-21 animals were sacrificed under anaesthesia at 14 and 21 days after the induction of OJ, respectively. Blood was collected from heart puncture in a clothgenerating or EDTA-k3 tubes for the measurement of biochemical parameters, cellular free radical generation and phagocytic activity, as well as for the isolation of blood peripheral mononuclear cells (PBMC), using ficoII gradient.
Biochemical parameters
Glucose, urea, creatinin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (AP) and total bilirubin were measured in serum with an Axon autoanalyzer (Bayer Diagnostics, Tarrytown, NY, USA).
Flow cytometry analysis
The percentage and the expression of cell activation markers ofT lymphocytes (CD3), CD4 and CD8 subsets, B lymphocytes, monocytes-macrophages and natural killer cells were assessed using the corresponding commercial monoclonal antibodies (Caltag Laboratories, San Francisco, CA, USA) following the conditions described by the manufacturer, and analysed by a FACScan (Becton Dickinson, Mountain View, CA, USA) using the PC-Lysis II acquisition software.
Free radical generation and phagocytic activity
The production of free radicals was estimated by the reduction of incorporated 1,2,3-dihidrorhodamine (Sigma Chemical Co., St Louis, Missouri, USA) upon the phorbol myristate acetate (PMA) stimulation of monocyte-macrophage population. The measurement of free radical production was calculated using the normal oxidative index (NOI) that results from the ratio of mean fluorescence in the corresponding identified cell population by flow cytometry analysis (FACScan, Becton Dickinson) in stimulated and non-stimulated PMA cells. The phagocytic activity of monocytes-macrophages was measured using the natural immunomodulating peptide named tuftsin labelled with FITC (Tuftsin-FITC, Molecular Probes, Eugene, Oregon, USA) (8) . The monocyte-macrophage populations were identified by flow cytornetry, and further analysed for the tuftsinassociated FITC fluorescence using the FACScan (Becton Dickinson).
Statistical analysis
Results are expressed as means with theircorresponding standard error mean (SEM) (n=6).
Comparisons were made using ANOVA with the least significant difference (LSD) test. The SPSS' 14.00 statistical package was used. Groups with different superscript letters are significantly different. Statistical significance was set at p < 0.05.
RESULTS
Effect of obstructive jaundice in renal insufficiency, liver 111JUry, cholestasis and inflammatory cell response
The obstruction of bile duct induced renal insufficiency and tissue injury characterized by the rise of urea and creatinin, as well as AST, ALT, AP and total bilirubin in blood (Table I) . Cholestasis has been associated with a profound alteration of the immune system (4). The induction of OJ induced an increase of the number ofT lymphocytes (CD3), CD8 T lymphocyte subset, B lymphocytes and monocytes-rnacrophages compared to control values in blood from OJ-14 animals (Fig. lA) . The percentage of inflammatory cells returned to basal levels at advanced stages of cholestasis (OJ-21 days) ( Fig. 1A) . However, the levels of CD4 and CD8 T lymphocytes remained below control values in OJ-21 group. Cholestasis reduced the expression of cellular activation marker ofmonocytes-macrophage compared to control values (Fig. IB) . This effect of cholestasis was associated with a decrease of free radical production and phagocytic activity In monocyte-macrophage population (Table II) .
Effect ofthe anti-TNF-a antibodies and bile duct drainage on cellular immune and tissue injury in obstructive jaundice
Anti-TNF-a and bile duct drainage reduced the biochemical markers of cholestasis, renal insufficiency and liver injury in blood (Table I) , as well as recovered cell immunity (Fig. IA) in OJ-21 animals. Anti-TNF-a and bile duct drainage enhanced the levels of CD4 and CD8 T lymphocytes and monocytes-macrophages (Fig. IA) , and increased the expression of cellular activation markers in monocytes-macrophages ( Fig. 1B) . Nevertheless, the administration of antibodies or surgical intervention did not significantly alter free radical production and phagocytic activity in monocytes-macrophages (Table II) .
DISCUSSION
Despite the advances in surgical technique and the development of powerful wide-spectrum antibiotics, hepato-biliary surgery is associated with a high rate of complications (I). The morbidity and mortality in OJ has been related to the dysfunction of the immune system (5) . The immunodeficiency state may be the consequence of the reduction on the percentage of CD8 and CD4 T lymphocytes, and the markers of monocyte-macrophage activity in OJ-21 animals. The bile duct obstruction is accompanied by a profound inflammatory response (9) . The concentration of TNF-a in blood rises in cholestasis (6) (7) . TNF-a mediates endotoxininduced cholestasis (10), cholangiocyte injury (II), and the development of cholestasis-associated sickness behaviours (12) . The anti-TNF-a therapy has been successfully used in different human liver diseases (13) (14) . The treatment with anti-TNF-a improved different parameters related to cholestasis, renal insufficiency and liver injury, as well as recovering the number and activation degree of CD4 and CD8 lymphocytes, and peripheral phagocytic cells. The reduction of toxin-induced liver injury by anti-TNF-a treatment has also been related to a rise in the number ofT lymphocytes and monocytes-macrophages in rats (15) . In summary, the beneficial effect of anti-TNF -a and bile duct drainage on the number and activation degree of different inflammatory cells might have a positive impact against the immunodeficiency state during OJ. Although a surgical approach has a stronger beneficial impact than anti-TNF-a administration, the data obtained with anti-TNFa antibodies will throw a new light on the potential use of antibody therapy during OJ. Nevertheless, clinical trials will have to be carried out to validate our findings and select the patients with OJ who would benefit from anti-TNF-a treatment.
